Coeliac disease is a chronic disorder of intestine in which patients cannot bear gluten, a wheat protein. There is no medication of this disease instead of using gluten free food. Moreover, coeliac patients use foods with low fiber and find food products with poor quality, hence generally face the problems of constipation and malnutrition. To cope up this problem the present research was designed. Gluten free biscuits developed with rice, maize and chickpea flours supplemented with 5%, 10% and 15% stabilized rice bran (SBR) packed in HDPE in the experiment to find the higher quality and more nutritional gluten free biscuit formulations. The rice bran was stabilized with dry heat treatment before supplementation. Physicochemical analysis of biscuits revealed that moisture, ash, crude protein, fiber and thickness were significantly increased with the increment of SBR. While, width and spread factor of biscuits were decreased with the increased levels of SBR. Sensory evaluation of biscuits revealed that biscuit supplemented with 5-10% SBR were liked by the panelists. Therefore, it can be concluded from the results that aglutenics biscuits (Developed with rice flour 35 % + maize flour 35 % + chickpea flour 30 %) supplemented with 10-15% SRB are more suitable for consumption.
Research Article
Formulation and quality evaluation of aglutenics biscuits supplimented with rice bran for coeliac patients Sadaf Javaria Biscuits are famous food product consumed by an extensive variety of consumers because of their different taste, long time span of usability and low cost. Due to competition in the business sector and expanded interest for food which is nutritious, natural and have nutraceutical properties, efforts are being made to enhance the nutritional value of biscuits [1] . By altering the ratio of different flours other than wheat and adding up different nutritive ingredients may improve the quality and shelf life of biscuits [2] . Dietary fiber is an important component of food; it improves the probiotic attributes of food products and prevents many diseases.
Coeliac disease is gluten sensitivity. It is a disease of the small intestine [3] . Celiac disease patients when consume food containing gluten, their immune system responds by damaging the intestinal villi leading to the mal-absorption of nutrients, which in turn adversely affect all the systems of the body [4] . Symptoms of coeliac disease include diarrhea, abdominal cramping and pain. Untreated celiac disease may result in nutrient deficiencies, osteoporosis and other intestinal problems. The only remedy of this disease is to consume gluten-free diet. As per definition "Gluten free food must contain less than 20 ppm of gluten". Gluten provides desirable organoleptic properties to baked and other food products. Without gluten bakery products can't maintain the texture and flavor, this problem could be complemented by adding some substitute flours in different combinations [5] . Gluten free foods are generally low in fiber, protein, vitamins with minimal mineral content and contain pure starch, which gives sandy, dry mouth feel with poor sensory attributes [6] . Rice bran is by product of rice and it holds adequate quantities of fiber. Fiber is an important component of food. For coeliac patients fiber must be included in food to regulate their regular bowl moments because constipation is a main problem in celiac patients. Supplementation of rice bran in gluten free foods may solve this problem [7] . Unfortunately, gluten free food items are not available easily in the shelves especially in developing countries and are expensive. Hence, development of gluten free foods from locally accessible raw materials and ingredients is of utmost importance.
The present study was designed to utilize "stabilized rice bran" for value addition of gluten free biscuits. Biscuits were formulated with rice, chickpea and maize flour, which are highly notorious, easily available and not expensive. No previous study has been published on the incorporation and quality evaluation of rice bran supplemented gluten free biscuits during storage.
Material and methods
The study was carried out in the in "Grain Quality Testing Laboratory" of Food Science & Product Development Institute, National Agriculture Research Centre (NARC) Islamabad".
Collection of raw materials
To formulate biscuits wheat flour, rice flour, maize flour and chickpea flour; shortening, sugar, eggs, sodium bicarbonate and milk were purchased from the local market of Islamabad. High density polyethylene bags and required chemicals were used from the laboratory stock.
Stabilization of rice bran
Rice bran is the industrial by-product of rice. It was obtained from National Agriculture Research Centre (NARC) Islamabad. Rice bran (RB) was collected from the "National Agriculture Research Center Islamabad". The milling of rice paddy was done through SATAKE Grain Testing Mill (553500) in Grain Quality Testing Laboratory (GQTL). In this study microwave heating was used to stabilize freshly milled rice bran. Moisture content of rice bran was adjusted to 21% and microwave heat treatment was given to raw rice bran for 3 minutes [8].
Experimental layout
The experimental plan used for the present research is given in Figure 1 . 
Pilot study
Formulation and sensory evaluation of gluten free biscuits Experimental plan of pilot study is given in Table 1 . In pilot study rice, chickpea and maize flour mixes were used in different quantities to formulate biscuits ( Table 2 ).
The best recipe/treatment from treatments ( Table 2 ) was evaluated on sensory basis. The selected recipe/treatment was used for main experiment for the supplementation of different levels of rice bran (5%, 10%, and 15%) to develop gluten free high fiber biscuits for coeliac patients. Pilot study
Experiment

Main experiment
To evaluate the effect of stabilized rice bran on the quality of gluten free Biscuits. The Experimental plan of "Main Experiment" is given below (Table 3) .
From pilot study (Table 2) selected recipe/treatment of biscuits was subjected to supplementation of different concentrations of stabilized rice bran (Table 4) to make the biscuits more healthy and palatable. 
Sensory evaluation
The panel evaluated four randomly given biscuit samples for color, flavor, texture and overall acceptability. using an 10-cm unstructured line scale was used for each panelist on the sensory survey and the panelists placed a vertical mark on the scales according to their observation of each sensory attribute ranging from zero (0) denoting extremely disliked to (9) 
Statistical analysis
The data were statistically analyzed by using Analysis of Variance (ANOVA) and Least Significant Difference (LSD) was applied for mean separation at 5 % probability level by the method of [13] .
Results and discussion
Proximate composition of wheat flour, rice flour, maize flour, chickpea flour and rice bran Before conducting the study sample of raw material was analyzed for proximate composition viz. fiber (%), ash (%), protein (%) and moisture content (%), Table 5 . Values are mean ± standard deviation of triplet determinations
Pilot study A pilot study was conducted, composite flour biscuits were evaluated on sensory basis and best combination was selected for further studies ( 
Chemical evaluation of gluten free high fiber biscuits
Moisture content is key factor which determines the quality and shelf life of product. The data revealed that moisture (%) of gluten free biscuits was significantly increased with SRB ( Figure 4 ).The significantly highest moisture was observed in treatment T3 (15% rice bran), while significantly lowest moisture was found in T0 (no rice bran). The results are in collaboration with the results of [14] who highlighted that rice bran contains cellulose and other non-starch polysaccharides which hold moisture which contains much higher moisture % than its own weight, therefore as the concentration of rice bran increased the moisture % of biscuits increased. Data related to storage stability of biscuits revealed that moisture % of biscuits increased significantly with the storage. These results are in accordance with the results of [15] .
The ash content of any food item is related to its mineral content. Ash content is an indicator of total mineral content present. The results illustrated that ash content (%) differed significantly among the treatments ( Figure 5 ). Ash content was increased with rice bran. The significantly highest ash content was found in T3 (15% rice bran) followed by T2 (10 % rice bran), T1 (5% rice bran) and T0 (non-supplemented biscuits). The results of [16] are in accordance with these results, who observed that supplementation of different levels of rice bran in biscuits significantly increased the ash content (%). The reason might be higher ash content of rice bran. The data revealed that during storage the ash content (%) observed at zero day was significantly differ from other treatments during storage. While values for ash content at 15, 30, 45 and 60 days were statistically at par. Same trend was observed by [17] . The data depicted that these composite flour high fiber biscuits can be considered nutritionally superior than wheat flour biscuits. Currently, the significance of consuming dietary fiber has enhanced due to its effect on blood cholesterol levels and occurrence of colon cancer. Recommended total dietary fiber intake is above 25 g/day [18, 19] . Fiber content of biscuits increased with the increased levels of SRB ( Figure 6 ).The significantly maximum fiber content was found in T3(15 % rice bran).While, significantly lowest fiber content was found in T0 (non-supplemented biscuits).Similar trend was observed by [17] in rice bran supplemented cookies. It was also observed that fiber (%) was significantly decreased during storage. These results are supported by [19] who observed similar trend.
Figure 6. Effect of bran levels on fiber (%) of gluten free high fiber biscuits during storage
Protein content (%) of biscuits was affected significantly due to supplementation of different levels of rice bran. The increase in protein content of biscuits with treatments may be ascribed to the higher protein content of rice bran (Figure 7 ). With the increase in concentration of stabilized rice bran, protein content of gluten free biscuits increased accordingly. The significantly highest protein (%) was found in treatment T3 (15 % rice bran). While, significantly lowest protein content was found in T0 (control). The similar trend was also observed by [19] . However, protein content decreased significantly with storage. The decrease in the protein content of gluten free high fiber biscuits during storage might be due to the proteolysis activity of the enzymes as well as water absorption during storage [20] . Physical evaluation of gluten free high fiber biscuits during storage Physical evaluation of biscuits is very significant characteristic to assess its quality. Too much thin or thick biscuits are not liked by the consumers. Results suggested that supplementation of various levels of rice bran has significant effect on width, thickness and spread factor of biscuits storage.
Width (mm)
On the index of physical characteristics width of gluten free biscuits was significantly affected by the supplementation levels of rice bran (Figure 8) .The results elucidated that T0 (non-supplemented biscuits) exhibited maximum width, while minimum width was noted in T3 (15 % rice barn).
[20] also observed same trend. They found decreasing trend of width with proportionate increase of rice bran level. It was also observed that width of the biscuits decreased significantly during storage. These results are in accordance with the findings of [16] who noticed that width of rice bran supplemented biscuits decreased during storage might be due to temperature and humidity. 
Thickness (mm)
The data depicting the means for thickness of biscuits is shown in figure 9 . The mean scores reveled increasing trend of thickness with proportionate increase of SBR levels.
The results elucidated that T3 (15% rice bran) exhibited maximum thickness, while minimum thickness was observed in T0 (non-supplemented biscuits). [21] Found that thickness of biscuits increased with increasing levels of protein content and rice bran is rich source of protein. Results related to storage duration illustrated that thickness of biscuits decreased with the storage intervals. However, the change was non-significant. The same results were noted by [22] . Spread factor There was a decreasing trend in the spread factor of biscuits prepared with different levels of rice bran supplementation. The maximum mean value for spread factor was observed in T0 (non-supplemented biscuits), whereas minimum spread factor was found in biscuits prepared with 15 % rice bran supplementation ( Figure 10 ). These results are supported by the findings of [16] [17] [18] , who observed a decreasing trend in spread ratio of biscuits with the increase in the levels of rice bran. They reported that rice bran supplemented in biscuits upto10% was considered suitable for use.
Sensory evaluation of gluten free high fiber biscuits
The results of sensory evaluation of biscuit recipes supplemented with SRB revealed pleasing acceptance of gluten free biscuits for most of the characteristics viz. color, taste, flavor, texture and overall acceptability. In baking, color is very important attribute. Color of biscuits is found to be correlated with flavor and aroma. Sensory evaluation of biscuits emphasized that scores for color of biscuits decreased significantly with increase in levels of SRB from light brown to dark brown, leading to lower acceptance ( Figure 11 ). Highest mean color scores for treatments showed that maximum color scores were found for T0 (0% SRB), followed by T1 (5% SRB) and T2 (10% SRB) which were statistically alike. While, minimum color score was found for T3 (15% SRB Taste is very important attribute; it is influenced by texture, flavor and composition of the product (Figure 12 ).The mean scores for taste of biscuits differed significantly among the control and treated samples. It was evident from the data that maximum texture score was observed for T0 followed by T1 andT2. While, T3 attained minimum taste scores among all the treated samples. It was also observed that effect of storage on SRB biscuits was significant. Maximum taste score was assigned to fresh biscuit samples which were gradually decreased after 60 day storage. The decrease in taste score of biscuits was might be due to the rancidity of fats during storage [20] .
Figure 12. Effect of bran levels on taste of gluten free high fiber biscuits during storage
Texture is an important factor which affects the consumer acceptance of the product. The gluten free biscuits when consumed should give a biscuit eating feeling to consumer than only the product will be acceptable. Mean scores for texture of biscuits were found to be differed significantly ( Figure 13 ). The significantly highest texture score was obtained for T0 (non-supplemented biscuits) followed by T1 (5% SRB) and T2 (10% SRB) which were statistically at par. While, significantly lowest texture score was observed in T3 (15% rice bran). The data also showed that storage significantly affected the texture score of biscuits. The findings of present study were supported by the findings of [21] who observed that texture score of biscuits decreased significantly during storage due to absorption of moisture and loss of crispiness of biscuits.
Figure 13. Effect of bran levels on texture of gluten free high fiber biscuits during storage
The data regarding to overall acceptability of gluten free biscuits reveled that highest scores for overall acceptability were recorded for T0 (control treatment). Among the treated samples T2 (5% SBR) and T3 (10% SBR) attained the maximum scores by the panelists, these two treatments were statistically at par. Minimum overall acceptability was found for T3 ( figure   14 ).These results are in agreement with the findings of [20] who found the similar results in soy flour and rice bran biscuits. Henceforth, it is concluded from the results of sensory evaluation of biscuits that supplementation of SRB at the level of 5-10 percent is more suitable for production of rice bran supplemented gluten free flour biscuits. Figure 14 . Effect of bran levels on overall acceptability of gluten free high fiber biscuits during storage Conclusions It can be concluded from the results of present research study that gluten-free biscuits can be developed by non-wheat composite flours such as: rice flour, maize flour and chickpea flours. The main problem with gluten free biscuits is their poor sensory properties. The blend consisting of rice flour 35 % + maize flour 35 % + chickpea flour 30 % was successfully used for gluten-free biscuits preparation without any adverse effect on the sensory characteristic of biscuits. Furthermore, biscuits were nutritionally rich. It was found that addition of rice bran (5-10%) leads to biscuits with good nutritional and sensorial properties with high fiber content.
